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AN ACTION PROGRAM TO ADVANCE 
SAFETY ON THE HIGHWAYS 


By THOS. H 


MacDONALD, (¢ 


on streets 


HE ADVANCEMENT of safety the 


and highways of the nation requires definite action 


mo many fronts. The desirable objective for the vear 
938 is a vigorous, concerted movement to bring into 
being on an effective scale the measures and methods 
which the present knowledge of the character and 


scope of the problems sustains as a sound program 
Perhaps the most Important single principle developed 
during the year just closed of extensive study by the 
Sureau of Public Roads and the Highway Research 
Board of many phases of this subject is that there is 


ho single cause of accidents Each accident is. the 
result of eauses in combination. There are always 
present more than a single element and the numbet 


of these elements that can and do contribute to acet- 
lents Is very large 

The possible number of combinations of these ele- 
ments by mathematical caleulation produces a poten 
tality of accidents of a magnitude bevond conception 
Probably the of the to 
this characteristic of multiple contributing elements 


failure lawmakers recognize 
each accident has acted as a powerful deterrent to 
of Ce! 


tainly it has given rise to serious delays in formulating 


more effective programs accident control. 


nd applying sound preventive measures. For ex- 
inple, the hope that a single panacea exists that will 
although 


rts of cure-all offerings, many of them from so-called 


i 
stop accidents, itterly absurd, results in all 


\perts or hear experts. 

Since there is no single cause there can be no single 
nacea for accidents. On the other hand, the recog- 
ion by the courts of multiple accident-contributing 
nents has resulted adversely to the lM position Ol 
tl) reasonable penalties upon offenders of the traffic 
‘s. Here the recognition of the contributing factors 
tigates to the point of allowing, in many cases, the 
to without price the most serious 


nder escape 


actions of the law. So widespread is this experi- 
‘as to lead to the reasonable conclusion that reli- 
for any great assistance in accident prevention 
not lie in the courts as they are now operated in 
field of traffie regulation. 
ifficient recognition has not as yet been given to 
fact that this big problem of street and highway 
ty throws upon the established routine and tradi- 
s of the courts a new social problem of tremendous 
ensions with which they are not designed to cope. 
er presented at the Thirty-fifth Annual Convention of the American R 


’ Association, Cleveland, Ohio, January 17, 1938. 


ss, 
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nite 


i States Bureau of Publ Ro 


The 


eriticism In 


the 


themselves but 


processes of courts are not singled out for 
to illustrate the failure of 
society as a whole to recognize the tremendous dimen- 
sions of the street and highway traffic safety problems 
and to provide adequate methods and organizations 
to deal with these proble ms ¢ Tectively. 


Nore the 


Bureau ol 


the 
Roads to undertake a study of the 


than a vear (Congress directed 
Public 


problem Involved and 


the 


ago 


Acting in 
Board the 


series of 


to submit a report. 


cooperation with Highway Research 


Bureau has produced or rather a 


report, 
reports, dealing with the following subjects: 


|. Nonuniformity of State motor-vehicle traffic laws. 
2. Skilled investigation at the scene of the accident 
needed to develop causes 


3 Inadequacy of State motor-vehicle accident re- 


porting 
t. Official llispe 


5. Case histories of fatal highway accidents. 


ection of vehicles 
6. The accident-prone driver 

These reports have all been transmitted to Congress 
House No. 462. 


Highway Research Board not 


and are being printed Document 


thre 


ais 
By acting through 
only the previous studies which had been made by 
that Board were available, but it was possible to secure 
the assistance of the individuals who were already 
working in the several fields of investigation and who 
best efforts to the studies and the 
Further, 


have devoted then 


resulting reports a number of the leading 


authorities, representative of organizations primarily 
concerned in the traffie safety field, served as an ad- 
visory committee to make suggestions as to the scope 
f the studies and the production of the report. 

It is not the purpose of this paper to review the find- 
ings of these reports, but, on the basis of the material 
developed, to propose an action program for the imme- 
diate future and to fix in so far as possible the re- 
Neither 
is it the purpose to prove by the use of statistical ma- 


sponsibility for the initiation of this program. 


terial the urgent necessity for enlarging, and quicken- 
ing the tempo of, sound national programs directed 
toward the control of the tragic record of accidents and 
fatalities. A responsible attitude of good citizenship 
and intelligent selfishness places the road builders and 
road building industry of the nation behind every 
effort to advance the cause of highway safety. 

In this social problem already grown to such alarming 
dimensions that it ranks as one of our greatest national 
problems, while most of the implications and indica- 
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tions are discouraging, 
Under the 
Automotive Safety Foundation, 12 national organiza- 


there is one important encour- 
agement. coordinating influence of the 
tions which are most intimately and directly concerned 
‘with traffic safety problems have united in accepting 
and recommending a comprehensive model program 
for each State to increase traffic efficiency and to reduce 
accidents. This program brings into a coordinate en- 
titv the elements of legislation, motor-vehicle admin- 
istration, enforcement, engineering, education, training 
personnel, and research. It places responsibility for 
action upon the governor, the State officials, and the 
legislature supported by a nonofficial organization of 
civic and business groups. The combination of official 
and public groups is conceived to constitute the State 
safety organization. With this program the Bureau of 
Public Roads is in entire accord and holds it to be in- 
dicated by all the important studies and researches 
which have been made in this field. 

While it may appear to the public at large that in- 
adequate progress is being made in advancing the cause 
of highway safety, it certainly holds promise of a 
greatly accelerated rate of progress that all the most 
important organizations engaged in this field have 
agreed upon the program most needed and have joined 
their efforts toward the common end of making the 
program effective upon a national scale. The effort 
of this paper therefore is to reduce to concrete terms 
the necessary steps to be taken and in so far as possible 
to suggest the responsibility of initiation of the com- 
ponent parts of the program. Only by action on a 
national scale can even reasonable progress be made in 
the reduction of accidents and in the freeing of our 
streets and highways from hazards to permit the enjoy- 
ment of their convenience and service. 

To carry into effect the existing knowledge in the 
field of accident prevention, the following eight-point 
program is submitted. It is not intended to include 
all of the steps that will be necessary, but it does pro- 
vide a sound foundation for traffic control and regula- 
tion in the interests of traffic safety. Neither are the 
elements of this program independent but on the con- 
trary they are inter-dependent, and to an extent over- 
lapping. Several of these which are important parts 
of others are given individuality for the purpose of 
emphasis. The action program recommended follows: 

1. Uniform State motor-vehicle traffic laws. 

2. Skilled investigation of traffic accidents. 

3. The establishment of a uniform system of acci- 
dent reporting. 

4. The establishment of an adequate highway patrol 
including the official inspection of vehicles. 

5. The establishment of complete and final authority 
over the issuance and revocation of drivers’ licenses. 

6. A highway improvement program divided into 
two general classes of projects: 
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a. Those of the emergency type. 
b. Those for the long-time plan. 


plan of State and Federal safety organization 
adequate to secure on a wide scale the adoption and 
enforcement of the action program here proposed 

8. A 


The scope of each element of this program Is indicated 


national educational program. 
but not intended to be fully developed in this discussion. 

l Uniform State motor-vehicle tra fhe laws.This sub- 
ject has received long and careful attention 
the effort the National 


Street and Highway Safety a series of five proposed 


Through 
organized of Conference on 
model laws were drafted and have been widely dis- 
tributed. While a considerable number of States have 
adopted these laws in whole or in part there vet remains 
a serious nonuniformity in the major principles which 
affect highway safety. It is not proposed that the 
motor-vehicle laws must be identical in every detail, 
but they must be in those matters which even remotely 
affect the safety of motor-vehicle operation. The driv- 
ing’ habits of indiy iduals tend to become fixed, and par- 
ticularly in times of stress or emergency the reactions 


Now that 


munities and between States has become universal the 


are involuntary. the traffic between com 
necessity for replacing uncertainty of the law with cer- 
tainty isselfapparent. The necessity for drivers know- 
ing that they do not face new traffic laws or conditions 


But 
the existing condition is much more serious than this as 


when they cross State borders cannot be denied. 


indicated in these examples: 


Kight States do not require that all motor-vehicle 
operators be licensed. 

Two States fail to provide a minimum age limit for 
the driving of a motor vehicle. 

Fourteen States permit the operation of moto 
vehicles by minors 14 or 15 years old. 

Twenty-two States do not prohibit the issuance o! 
drivers’ licenses to habitual drunkards or narcoti: 
addicts. 

Twenty-four States do not prohibit the issuance o! 
drivers’ licenses to those afilieted with menta 
disabilities. 

Only 11 States require drivers to be able to rea 
highway warning signs printed in English. 

In 6 States which do require the licensing o 
motor-vehicle operators, no examination or tes 
is included as a prerequisite to the issuance « 
such license, and in 5 others the applicants ma 
be examined only when the official issuing th 
license suspects they are unfit to drive. 

Only 30 States require every applicant for a drive 
license to be examined for competency and i 
these the examination varies widely. 

Only 8 States require a test of vision, 15 a know 
edge of traffic laws. 





Unquestionably there should be a strict uniform 


license law permitting licenses to be issued only alter 


a competent examination including tests of vision, 
ability to read traffic signs, knowledge of traffic laws, 
and demonstration of ability to operate the vehicle 

In only 27 States has there been adopted a manual of 
The rules of the road 
governing the operation of vehicles upon the highway 


vary so greatly from State to State that confusion is 


uniform traffic control devices. 


inevitable. Nine States do not require vehicles to be 


driven to the right of the highway at all times. Six 
States do not provide that passing must be on the left 
of the overtaken vehicle. Passing on curves is specil- 
cally prohibited in 36 States and on the crest of hills in 
35 States, at intersections with other highways in 34 
States. The provisions with respect: to the equipment 
of motor vehicles and physical characteristics such as 
length, width, and height, have a wide variation with 
many inconsistencies. 

Further discussion of this point is hardly necessary to 
indicate the fundamental necessity of a uniform motor- 
vehicle law between the States in the interests of safety 
The only possibility of providing for this part of the 
ction program lies in the adoption by the State legis- 
latures of the necessary uniform laws. A cuide to the 
the uniform will be 
found in the bulletin Nonuniformity of State Motor- 
Vehicle Traffie Laws that is available for distribution 
by the Bureau of Publie Roads. 

2. Skilled investigation of traffic accidents.— An intelli- 
ent attack on the highway accident situation must de- 


points of divergence from code 


end upon two details which, while simple in concept, 


re not easv of achievement. There must be informa- 


tion as to the circumstances under which each accident 
ccurs, and there must be sufficient analysis to record 
here, and the manner in which, accidents are happen- 
Accident data are essential to an in- 
efficient 


x repea t edly. 


lligent and police enforcement program 
thin the urban districts, and the highway patrol can 
rovide important information in the rural districts 
ithin the urban areas the establishment of especially 
ined squads which are ready on call to investigate each 
It may not be 


icticable at once to establish accident squads in the 


‘ident without loss of time is essential. 


ral police organization sufficiently extensive to in- 
tigate all accidents, but it is possible to establish a 
mber of special accident squads and to train each 
mber of the highway patrol in the correct procedure 
investigate and to report accidents so that a high 
eral level of accuracy in reporting may be attained. 
‘0 long as we depend for accident data on ex parte 
ormation and make inadequate provision for the se- 
ing of reliable and disinterested reports, just so long 

our knowledge of the facts be insufficient and open 
juestion. It will not be possible to secure impressive 
ident reduction until it is recognized that every 
ident is the resultant of a number of causes and cir- 
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cumstances in the absence of any one of which the acci- 
dent would not have occurred or would have had differ- 
ent No contributing cause is so unim- 
That 
only a beginning has been made in this field in a very 


consequences 


portant that it may be overlooked or dismissed. 


few States is convincingly revealed by the analysis pre- 
sented in the case histories of the fatal highway acci- 
Jureau of Public Roads. 


tainly the establishment of a complete system of acci- 


dents published by the Cer- 


dent investigation 


and reporting will require much more 
adequate organization than now exists but the cost will 


be small in comparison with the losses in life and 


property 
3. The « 
re porti q. 


stablishment a uniform syste m of accident 
The uniform reporting of accidents is par- 
tially covered by the preceding discussion, but requires 
in addition the adoption of a national standard form. 
Much work has been done upon the formulation of such 


a form by the National Safety Council, the Bureau of 


the Census, and others, and further work is now in 
progress. [t is essential that the terms be clearly 
defined, and the statistical methods employed give 
accurate results. In the studies made by the Bureau 


of Publie Roads 


lack of accurate 


and the Highway Research Board the 
and sufficient statistical data relating to 
accidents, even those involving fatalities, was an in- 
superable obstacle in the production of a more determi- 
the 
divided between urban and 


nate report. For example, national reports of 
motor-vehicle fatalities are 
the that 
cities of 10,000 and upwards, and all others are classified 
as rural. the fact that a 
very large percent of the total population lives in places 
; 1,500 to 10,000 people, it is inevitable that a 
large percentage of fatalities reported in the rural cate- 


gory actually involve 


rural on basis urban accidents are those in 


Taking into consideration 


of, say, 


urban and not rural conditions. 
This probable discrepancy is further accented by the 
fact that so large a percentage of fatal accidents involve 
pedestrians. It is that effective efforts to 
combat accidents are utterly dependent upon accurate 
and complete statistical data. 


apparent 


4. The establishment of an adequate highway patrol 
including the official inspection of ve hicles. In most of 
the States the highway patrol organization for the rural 
districts, and in most of the cities, the traffic police, are 
wholly inadequate in numbers and equipment to patrol 
the mileage over which there is appreciable traffic. 
This condition of inadequacy in numbers is further 
aggravated by the addition of so many miscellaneous 
duties that too little time is left for patrol work. The 
most complete code of motor-vehicle laws is of little 
avail unless there is proper enforcement. An increase 
in the number of trained patrolmen in every State is 
necessary. 

Only 23 States now provide for the periodical inspec- 
tion of motor vehicles, but all of these do not include 
all types. The inspection laws vary in detail but are 
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uniform in the attempt to prevent the operation of 
mechanically defective vehicles. The establishment of 
Inspection requirements for the safe mechanical con- 
dition of motor vehicles and their continuous enforce- 
ment is an important “must” in the action program. 

5. The establishment of complete and final authority 
over the ISSUANCE and re vocation of drivers’ In 


the development of this discussion the importance of the 


pe 
LICENSES, 


official charged with the administration of the motor- 
The 


lack of essential laws in a large number of States fixing 


vehicle laws must be more and more apparent. 


the qualifications of those who are permitted to operate 
motor vehicles upon the public ways has been recorded. 
The disclosures in the bulletin upon the accident-prone 
driver sustain the conclusion that the motor-vehicle 
administrator must have authority to suspend or revoke 
the license of operators, and that this power must be 
exercised. The discretionary authority to 
licenses should by law be obligatory action in the more 


revoke 


serious offenses. Thirty States now require that a 
license be revoked for conviction of manslaughter; 36 
States, for driving while under the influence of intoxi- 
cants; 31 States, for failure to stop after an accident; 


and 25 States, for reckless driving. Certainly these 
offenses justify the revocation of licenses in each State. 

But the fact of the existence of the accident-prone 
driver, which is now established beyond reasonable 
doubt, justifies the suspending or revoking of licenses 
for much less grave offenses than these enumerated. 
Twenty-three States have recognized this by providing 
discretion to suspend or revoke for habitual recklessness 
or negligence, 22 States provide the same discretionary 
authority to revoke the license of drivers involved in a 
serious accident, and 11 States for any sufficient cause. 
The recognition of the responsibility resting upon the 
individual driver for accident prevention so far out- 
weighs any other consideration that a sound action 
program must include, as the most effective weapon of 
society in attacking the problem of accident prevention, 
the generally exercised power to revoke drivers’ licenses 
for infraction of the traffic laws. 

6. AA highway improve ment program divided into two 
general classes of projects: (a) Those of the emergency type, 
and (b) those for the long-time plan.—This year the State- 
wide transport surveys carried on in cooperation be- 
tween the State highway departments and the Bureau 
of Public Roads will begin to reach usable form. There 
will be available for the first time in any State complete 
information as to the types and conditions of highways, 
the amount and character of use, and all other informa- 
tion which can conceivably have a direct relationship 
to the safe use of the highways. 

The extent to which highway conditions enter as a 
contributing factor into more serious accidents is un- 
known and to an extent indeterminate. Much that has 
been said in criticism of highway conditions confuses 
the fundamental issues of highway safety and highway 
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capacity measured by speed and number of units. 
Between 1925 and 1936 highway usage measured in 
terms of gasoline consumption increased by an esti- 
mated 110 


numbers of units increased 42 percent. 


amount ol percent, while registration in 


Bs 
The gas con- 


sumption registered vehicle has imereased 


50 


per just 


under Krom these faets it 


that 


creasing 


percent. Is apparent 


motor vehicles are being used on a steadily in- 


rate per average unit, and even with these 


increases the rate of accidents measured in miles of 
vehicle operation shows a decrease. 

With the definite facts of the publie use of highways 
In every community of the nation, it is readily apparent 
that the providing of safer highways must be through 
the elimination over large mileages of those conditions 
which to the best of our knowledge are most likely to 
be contributory factors in accidents. This is the kev- 
note to the emergency program Which should be put 
into effect determined by the data of the transport 


As 


i rechecking of the svstem of warning signs 


surveys. an illustration of the type of work in- 
cluded 
and signals, the relocating of these to fit the generally 
increased speed, the elimination of unnecessary signs, 
the marking of all curves with safe driving speeds if 
below the legal limits, the correction of sight distances 


particularly at intersecting roads, and the widening 
and maintenance of shoulders. 

The increased operating speeds demand wider roads 
and the narrower widths which were reasonably safe 
for speeds ofa few vears ago must be supplemented 
by nonskid material, the shoulders widened, slopes 
flattened, and deep ditches eliminated. For the long- 
time program, particularly for new multiple-lane roads, 
all the accepted elements of safe design to permit con- 
tinuous traffic the of 


opposing lanes by a neutral area and the elimination 


safe flow, including division 


of cross traffic, should be provided. Separation of 
erades between the railroads and important intersect- 
ing highways must be a first consideration. 

a. plan of State and Federal safety organization 
adequate to secure on a wide seale the adoption and en- 
force ment of the action program here proposed, Just how 
the Federal Government fits into the general scheme 
of an adequate traffic safety organization is not cleat 
beyond debate, but there are considerations of public 
policy which prompt the suggestion that no wholly 
new board, commission, or other Federal authority is 
desirable. To be effective, such a Federal organiza 
tion would have to duplicate organization, authority 
and operations now lodged in some Federal department 
There is need for a correlation of the Federal activitie 
and relationships between the Federal department 
themselves, and between the Federal Government an 
the States in both the official and public aspects. 
plan of Federal organization that can be made effectiv: 
at once and make use of the going operations of th 


Continued on page 51; 
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AN AUTOMATIC RECORDER FOR COUNTING 
HIGHWAY TRAFFIC 


Reported by R. E. 


P PREPARING the initial plans for the State- 


wide highway planning surveys Now being con- 


ducted by the highway departments of 43 States in 


cooperation with the Bureau of Public Roads, it was 
realized that, in order to obtain anything like complete 
traffie data 


large part of this system must be 


for the entire rural mileage, counts on a 
made on a limited 
schedule; and it was believed that continuous records 
showing typical trathie patterns would be invaluable 
traflie short 


addition. these records were needed to provide a basis 


In estimating from these counts. In 
for analy zing various daily, weekly, seasonal, and othe 
traffic patterns in determining the relative reliability 
of various methods of sampling traflic. The need of a 
better basis than had previously existed for predicting 
future traffie was still another reason for obtaiming con- 
However, the cost of obtaiming such 


that their accu 


tinuous records 
records by manual counts was so great 
mulation, except in a few experimental operations, 
could not be justified by the value of the results. 
Before the first State-wide highway planning surveys 
were begun late in 1935, sporadic efforts had already 
been made to develop a counting and recording machine 
The 


immediate need for this equipment in conducting high- 


which would supply traffie records economically 


wav planning surveys lent sufficient impetus to these 


make possible the construction of a satis- 
model in the fall of 1935. 


The real problem in constructing a satisfactory auto 


efforts to 


le tory 


inatic traffic recorder was the development of a reliable 

eans of detecting the passage of vehicles, preferably 
the toa 
etector pad laid on the surface or inset in the pave 


me method which would not involve use 


ent, and which could be produced and operated at 
asonable cost. 
After 


tailed consideration of a number of suggested methods 


investigation of available equipment and 
was concluded that the most practical method for 
tecting the passage of a vehicle at permanent instal- 
tions was the adaptation of the photoelectric cell. 
is cell is based on the principle that the conductivity 
certain elements is proportional to the amount of 
ht falling on the element. Photoelectric equipment 
counting purposes had been in use for a sufficient 
xth of time to demonstrate its efficiency and relia- 
ity under controlled conditions. 
Che recorder developed was designed to count passing 
icles without counting pedestrians. This was done 
using two parallel beams of light, approximately 30 


hes apart, directed across the roadway upon photo- 


CRAIG, Junior Highway Engineer, Divisio 


f Highway Tra States Bureau of Public Roads 


electric cells \ standard photoelectric relay unit is 
designed as a switch to be operated by the simultaneous 
both light (the 
the turn, 


operates the counting circuit. 


interruption of beams. This switch 


counter relay contact which, in 


operates 


controls and Pedestrians 


normally interrupt only one beam at a time and are 


not recorded 
The photoeles trl tubes are very sensitive and can 
be adjusted to record vehicles passing at high speeds. 


The machine is designed to count as many as 24,000 
Infrared 


ray filters were installed in the light source to render the 


interruptions of the light beams per hour. 


beams practica 


ly invisible, thus eliminating hazard and 


annovance to passing drivers. Figures 1 and 2 show 


one of the tvpes of 


photoelectric automatic traffic 


, , 
recorders pbelng 


used in the highway planning surveys. 


[wo tvpes of i 


| itomatic recorders are shown in figure 3. 


The recording mechanism is designed to print on 
standard adding machine tape once every hour, record- 
ing the day, hour, and minute, and the cumulative 
traffic total. Figure 4 shows a sample section of tape. 


The number of vehicles passing each hour is obtained 


by subtracting each total from the succeeding total. 
Postmeridiat time Is indicated by a dash under the 


The ree 


chronous moto! ft 


hour der is timed by a self-starting syn- 
he type used in electric clocks. 

The recording or printing circuit is designed so that 
if the current fails, the recorder will stamp automatically 
the failure 
In case the 


upon inspectio! 


time of the and the cumulative counter 


reading recorder clock is found to be slow 
the time at which the power failure 
occurred is recorded and the proper corrections can be 
made to the record if there has been only one interrup- 


tion oft current 


INSTALLATION OF TRAFFIC RECORDER DESCRIBED 


Manufacturers can supply machines with auxiliary 
mechanical clocks to keep the equipment on time in 
the event of power failures. However, the dependa- 
bility of the power supply even on rural installations 
has proved to be such that the additional cost of this 
equipment has rarely been considered justified. 

The recorders now being used count and record the 
total number of vehicles passing the point at which they 
are installed. However, they can easily be adapted to 
count and record only vehicles proceeding in one direc- 
tion. This can be accomplished by adding relays that 
will permit electrical impulses to be sent to the counting 
mechanism only when the beams of light are inter- 


rupted in the proper order. 
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FicgtrRE 1.—REcCORDING AND PRINTING APPARATUS 


Ficure 2.—INspectTInG A Recorp Tape REMOVED FrRoM 
A RECORDER. 


YELECTRIC RELAY 
PHOTOELECTRIC 
CHASSIS 
ADJUSTMENTS 


CONTROLLING PHOTO- 


ELECTRIC UNIT 


> 


FigurE 3.—Two Types or AuromMatic TRAFFIC RECORDERS 


In the early experimental work, an effort was mad 


to count trucks and busses independently of the tot: 
traffic by placing a third light beam, operating a 
independent counter, at a sufficient height above t! 





May 1938 
roadway to clear the tops of passenger Cars. Satis- 
factory results were not obtained with this unit, how- 
ever, because a large number of light trucks are ap- 
proximately the same height as passenger cars and 
were not recorded; in addition, an appreciable number 
of passing trucks were found to be so loaded that each 
The count 
with this device was not accurate and the third beam 


registered two or three times. obtained 
was not incorporated in the final design of the recorder 
No serious effort has since been made to develop a 
traffic counter that will record trueks and busses inde- 
the 


percentage of truck and bus traffie are ordinarily ob- 


pendently, as sufficiently accurate estimates of 


tainable by making short manual counts. 

The traffic counter operates on single-phase, 110-volt, 
H0-eyele alternating current and, therefore, is usually 
installed near electric transmission lines supplying such 
power and where there is little likelihood of current 
failure. Installations are usually made away from 
built-up sections, especially schoolhouses, where there 
Is likely to be a grouping of pedestrians. Crroups of 
pedestrians will frequently interrupt both light beams 
simultaneously, resulting in extra counts. The numbe 
vehicles pass 
<imultaneously in front of the recorder and are recorded 


of under-counts, resulting when two 
as one vehicle, is reduced by selecting a location where 
there is little ehance of vehicles traveling in the same 
direction passing each other, as at a narrow section of 
the road, on the top of a hill, or on a curve. Installa- 
tions on 3-lane roads have, as a rule, been made only 
t points at which vehicles proceeding in the same 
lirection are prolibited from passing. Satisfactory 
results on 4-lane roads have been obtained where the 
opposing lanes of traffic are divided and the recorders 
re installed to count trafie moving in one direction 
nly. 

Figure 5 illustrates a typical installation for recorders 
The light source and 
that the light 
approximately 23° with a line transverse 
' the roadway. By installing the equipment at a 
ew with the roadway, the projection of the light 
am on a vehicle is such that it will not permit the 
um to pass between the body of the vehicle and 


otruding equipment, such as trunks or spare tires. 


ordinary locations. recording 


nit are mounted so beams make an 


ngle of 


his eliminates a number of extra counts that would 
caused by the interruption of the light beams by 
cessories if the beams were directed perpendicular to 
e centerline of the roadway. Experience has demon- 
rated that the proper height of the light beams above 
e roadway is approximately 3 feet 8 inches. At 
is height the beams do not pass through the windows 
passenger cars, nor do they pass under trucks of 
dinary design. When installed on curves the beams 
\ould be parallel to the superelevated surface. The 
ecifications under which recorders have been pur- 
ased require that the equipment operate satisfactorily 
with a distance between the light source and receiving 
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unit of 50 feet, and this is usually the maximum distance 
for field However, the equipment has 
operated satisfactorily at 


installations 
distances considerably in 
excess of 50 feet 

The recorder and light source are mounted on posts 
consisting of 4-inch pipe set in concrete to a depth of 
The concrete is 
a mold slightly larger than the pipe’s 
outside diameter, 


3 feet below the surface of the ground. 
cast around 
and after the concrete has set, the 
pipe is slipped into the hole and properly secured. 
Wedges are used, if necessary, to assure rigidity. In 
some instances, pipe standards having threaded joints 
at the ground level have been used. 


methods is tha 


The advantage of 
these t the equipment can be easily 


vy location when desirable. 
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FIGURE 4 TarpE From an AvutTomarti 


RECORDER. 


SECTION OF RECORD 
TRAFFI 


A box containing a meter, fuses, and master switch, 1s 
attached to the power line pole. Connections are made 
from the master switch to the equipment, wires being 
If the 
cross connections are carried over the roadway, care is 
taken to place them a safe height above the road. In 
installing cross connections, advantage has been taken 


run inside the pipe supports wherever possible. 


of any ready means of carrying the connections under 
the roadway, such as through a culvert or underneath a 


bridge. All exposed wires are carried in waterproof 
conduits. Figure 6 shows a typical automatic recorder 
installation. 
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Figure 6.—Avromatic Trarric ReEcoRDER INSTALLATION IN MICHIGAN. 
TRAFFIC. 
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Experience indicates that it is advisable to protect 
automatic recorders by installing them behind existing 
guard rails or natural barriers. Otherwise, it has been 
found necessary to install special guard rails to prevent 
damage to them. 

MANY DIFFICULTIES OVERCOME IN OBTAINING SATISFACTOR) 
PERFORMANCE 

At the time the majority of the automatic recorders in 
use in the planning surveys were installed, knowledge 
of the performance of photoelectric equipment Wis 
limited largely to those who had done development 
work with them. Although the equipment was known 
to be affeeted by stray light and the intensity of the 
light beams directed on the photoelectric cells, many 
unanticipated difficulties were encountered. 

One of the first problems was the abnormally short 
life of lamp bulbs in the light sources of several instal- 
lations. For no apparent reason the lamp bulbs in 
these installations failed to give a reasonable length of 
Investigation led to the discovery that the 
voltage being supplied was in some instances as much 


service. 
as 20 or 30 volts above the required 110 volts. Un- 
timely lamp failures were eliminated either by requiring 
the power company to supply the proper voltage or by 
installing resistance coils in the light souree to reduce 
the voltage supplied to the lamps. 

At different periods through the day machines would 
sometimes fail to count traffic or would record a large 
number of vehicles when only a few had passed the 
recorder. Apparently the trouble was not caused by 
stray light as a number of these failures were occurring 
at night. The trouble was corrected when methods of 
focusing the light beams were improved and the size of 
lump bulbs used in the lamp source was increased from 
2 to 50 candlepower. 
light reached the 
lements because of condensation of moisture on the 


In instances where insufficient 


iside of the lenses in the receiving unit, heating ele- 
ients were installed or a deliquescent substance was 
These 


easures, however, did not completely solve all of the 


laced back of the lens to absorb moisture. 


oblems, as some recorders still performed erratically 
study of the conditions under which the recorders 
re operating revealed that intermittent operation 
is now confined largely to machines operating under 
‘ather conditions that produced high humidity. 
oisture was collecting around the base of the photo- 
ctric tubes, causing a leakage of current that resulted 
‘rratic operation of the counter. To eliminate this 
age, heaters were installed to keep the base of the 
es dry. In extreme cases, connections were coated 
beeswax to insulate exposed surfaces and prevent 
‘ent leakage. 
\lthough stray light and humidity produce the same 
of counting failures as insufficient light, adjust- 
‘tof the photoelectric equipment must be carefully 
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made, or, in remedying one condition, the other will 
be accentuated. The operation of the photoelectric re- 
lay depends upon the amount of current passing through 
the photoelectric tubes dropping below and rising above 
certain critical values. If the conditions under which 
the equipment is operating are such that the proper 
change of current does not oceur when the light beams 
are blocked, the relay may fail to operate, giving no 
count, or it may not operate positively, causing the 
contacts to “chatter” and produce extra counts. 

The solution of the problem required: (1) That the 
best possible adjustment of light beams be made; (2) 
that some provision be made to eliminate excess mois- 
ture and stray light where the machines were subjected 
to an exceptional amount of either; and (3) that the 
photoelectric equipment be adjusted to provide ade- 
quate factors of safety against failure by insufficient 
light and stray light or humidity. 

[t is apparent from the map in figure 7, which gives 
the locations of the 344 automatic traffic recorders now 
in operation, that this equipment is required to operate 
under wide ranges of temperature. Occasionally 
machines in. the north 


of 40 Ie 


temperatures as 


are subjected to temperatures 
below zero, and in some desert regions to 
hich as 126° F. 


required to operate under wide ranges of temperature 


Like all machines 


certain precautions must be taken to insure satis- 


factory operation under extreme conditions. To pre- 
vent the stopping of the clock because of the congealing 
of oil in the rotor in cold weather, heaters are furnished 
and recommended for use whenever the machines are 
subjected to temperatures below freezing. However, 
eases have been found where machines have operated 
at 5° below zero without the aid of heaters. To accom- 
plish this, the machines must be in perfect adjustment. 

In one region it was found desirable and economical 
Experi- 


ments to determine the most economical combination 


to use an insulated housing for the recorder. 


of heaters to use under different temperature conditions 
showed that three heaters (one in each arm of the 
periscope, and one in the recorder box) would maintain 
a temperature difference of 42° F. between the recorder 
mechanism and the outside air, when the machine was 
enclosed in an insulated housing. This would be neces- 
sary only in subzero weather, and it is recommended 
that only the heaters in the periscope be used in 
moderately cold weather. 

Extreme heat will also affect the operation of the 
recorder. The caesium on the cathode of the photo- 
electric tube will vaporize under temperatures in excess 
of 150° F., and sufficient current will flow through the 
tube, even when there is no light on it to prevent the 
operation of the photoelectric relay. Old tubes are 
affected in the same manner at temperatures less than 
150? fF. The recorder would be subject to such extreme 
heat only in exceptional cases. One State has reduced 
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Figure 7.—Locations at Wuicn Automatic Trarric REcoRDERS ARE BEING OPERATED IN CONNECTION WITH THE STATE-WID!I 
HiGHWAY PLANNING SURVEYS. 


' the likelihood of difficulties from this source by enclosing 
the recorders in aluminum boxes. The box, as shown 
in figure 8, provides a dead air space which acts as 
insulation around the recorder, and the light-colored 
surface reflects rather than absorbs heat. 


IMPROVED MAINTENANCE HAS INCREASED EFFICIENCY 
OF MACHINES 


Heat also affects the infrared ray filters, causing then 
to fade because of the melting and running out of th: 
gelatinous substance between the parallel glass plates 
A new type of filter, consisting of a single glass plate, i 
now being used to replace the old filters when failure 
occur. 

In one instance, a short time after a State had begu 
operating automatic recorders it was found that one « 
the machines was not recording traffic from late afte: 
noon until morning. A check of the machine show 
it to be in perfect working order, but when inquiry w: 
made of people living in the vicinity, it developed th: 
the recorder interfered with their radio reception ar | 
someone was blocking the light beams to prevent tl 
disturbance. As soon as the State devised and i:- 
stalled a filter that eliminated radio interference, t! ¢ 
recorder was no longer molested and produced sat:+- 
factory 24-hour records. Since that time provisi 
ch ht teeta: Seueek Rustnnes Teoratan in an has been made for elimination of radio interferen: ) : 

AuuminuM Box For Protection AGAINsT HBEar., | wherever necessary, at the time of installation. 
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In a few instances States installed automatic traffic 
recorders with the receiving units facing north to mini- 
mize the effect of stray light. It was found that during 
certain hours on bright days light-colored vehicles 
passed the machines without being counted. The 
phenomenon is accounted for by the fact that the light- 
colored vehicles will, during certain hours of the day, 
reflect enough light to replace the usual light from the 
light source of the recorder so that the machine fails 
to record the vehicle. However, the resulting errors 
were insignificant, because the time during which 
they occurred was limited and the number of light- 
Any 
errors of this nature may be eliminated, however, by 
installing the receiving unit so that light cannot be 


colored vehicles on the highways was negligible. 


reflected into the lens of the receiving unit by passing 
vehicles. 

In the new models of automatic traffic recorders, all 
weaknesses in the early equipment have been con- 
sidered and provisions are being made to eliminate 
them. In a counter recently developed the effects of 
both reflected and stray light are reduced by using an 
amplifying unit designed for use with “chopped” light. 
The chopped light is produced by placing the light 
source behind a shutter which is rotated at high speed 
Reflected light will not replace the usual light supplied 
by the light source; and reflected light, therefore, can- 
not affect the operation of the counter. 

The automatic traffic counters were probably the 
first photoelectric equipment ever installed to operate 
over a wide range of climatic conditions. To obtain 
satisfactory operation of the machines, it was necessary 
that each be adjusted for the particular range of con- 
litions to which it was exposed. The making of these 
adjustments required a thorough knowledge of the 
iperation of photoelectric equipment. Schools in a 

imber of conveniently located cities were, therefore, 

nducted by the manufacturer who had the first con- 
ract to furnish machines. These schools were attended 
representatives of all but two of the States in which 
achines were installed at that time. Performance 
proved so rapidly that the average operating effi- 
ney of the machines throughout the country rose 

im approximately 66 percent to approximately 88 

rcent during the first month’s operation after con- 

.cting the schools, and since that time the operating 

ciency has been steadily increasing. 

'mproved methods of maintenance were developed at 
(+ schools with the result that good records have since 
boon obtained at low cost. The method most generally 
‘ed involves the appointment as supervisor of some 
) son who has attended or has had special instruction 

ilar to that given at the schools. The supervisor, 
Wo 1s usually assigned other duties in addition to those 
ected with the maintenance of this equipment, 
uviintains a central headquarters and visits the ma- 
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| once a week 





ies only when notified by local representatives that | eppears to vary with the volume of traffic, more accu- 
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No other 
person is permitted to make repairs or replacements of 
any parts except burned-out bulbs, which may be re- 
placed by certain local representatives of the State. 


the equipment is not operating properly. 


Although the supervisor is the only one permitted to 
make repairs, local representatives of the State, such 
as maintenance employees, State police, or other State 
employees who pass the recorder in regular line of duty, 
are instructed to observe the machines at such times to 
determine if they are functioning. If no click is heard 
when a vehicle passes, the main office is advised imme- 
diately and the supervisor is sent to make repairs. 
Arrangements are also made for some local employee to 
remove and forward the record tape to the central office 
This same employee is instructed in the 
method of making certain minor adjustments, and he 
also replaces the bulbs in the light source at periodic 
intervals to prevent failure caused by burned-out bulbs. 


MACHINE COUNTS CHECK CLOSELY WITH MANUAL COUNTS 


In maintaining the machines it should be remembered 
that while interruptions in operation which prevent the 
accumulation of records for considerable periods of time 
are serious, minor interruptions which cause the loss of 


| only a few hours of record or even the occasional loss of 


a day or two of records will not seriously affect the value 
of the results obtained. In spite of short interruptions, 
enough information is usually available on which re- 
liable estimates of the missing counts may be based so 
that the effect on the final results is negligible. 

Some States that keep accurate records of the per- 
formance of their recorders have found that where 
machines are adequately maintained, the average oper- 
ating efficiency of all machines in the State will exceed 
95 percent. Individual machines frequently operate at 
100 percent efficiency as long as 3 or 4 months at a time. 
Collisions, power and equipment failures, and other 
factors, any one of which will discontinue operation of 
the recorder, prevent an efficiency of 100 percent over 
an extended period of time. 

There are two sources of error in results obtained by 
the photoelectric type of traffic recorder that should be 
mentioned. The simultaneous passage of two vehicles 
is recorded as vehicle. Offsetting this, single 
vehicles with peculiar bodies or with large openings or 
the body, such as tractor-truck semitrailer combina- 
tions, are frequently recorded twice or more. These 


one 


| errors tend to compensate each other and check counts 


indicate that generally the machine count is within 1.5 
percent of the actual traffic. Since the object in using 
automatic traffic recorders is to obtain records from 
which traffic trends can be determined, slight errors of 
this nature do not impair the value of the record. 

It has been found that as a general rule automatic 
traffic counters record quantities in excess of actual 
figures. The accuracy of the automatic count also 
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rate results being obtained on heavily traveled roads 
than on lightly traveled roads. The explanation for 
this is that the percentage of peculiarly shaped vehicles 
(farm machinery, etc.) is highest on lightly traveled 
roads, and also that more vehicles pass simultaneously 
in front of the recorder on heavily traveled roads, caus- 
ing overcounts to be more nearly balanced by under- 
counts. 

When properly adjusted, a machine may be relied 
upon to operate continuously with the same percent- 
age of error, the amount of which is determined by the 
type of traffic peculiar to the location. In contrast, 
individuals are known to differ in their ability to count 
the number of vehicles passing a given point. These 
differences can be attributed to the fact that when an 
individual counts traffic for a considerable period of 
time, he cannot maintain the same degree of accuracy 
because of the monotony of the task. 

Table 1 shows the results of manual counts made to 
check a number of automatic located at 
different points throughout the country. 


recorders 


TABLE 1.—Comparison of automatic traffic recorder counts and 
manual counts of traffic made to check their accuracy 


Count made 


Length of Difference 


count | - 
Manually Mechanically 
Hlours Vehicles Vehicles Percent 
21 6, 464 fi, 445 0.29 
il 2, 704 2, 708 15 
13 2, 001 1, 908 15 
13 1, 372 1,372 
11 811 829 2. 22 
9 770 782 1. 56 
16 569 5o0 5. 27 
| 2 529 M0 2.08 
} 13 450 454 89 
| 9 371 386 1.04 
3 344 342 58 
3 327. | 336 2.75 
7 318 | 321 4 
| 1 224 | 224 
2 219 221 91 
3 144 148 2.78 


As a result of manual counts made in one State it 
was suggested that a special circuit be designed for use 
in automatic recorders located on roads carrying little 
traffic. This circuit would control the counting mech- 
anism in such a manner that once both light beams were 
blocked and a count made, another count could not be 
registered until both light beams were again free. This 
would help to prevent overcounts on little-traveled 
roads. A special circuit for such use is already being 
developed. This circuit will make it possible to obtain 
more reliable counts on roads carrying a large number 
of horse-drawn vehicles. 

In order to provide a convenient system for tabulat- 
ing figures taken from machines, the record card shown 
in figure 9 was developed. On the back of the first 
weekly record card for each recorder a detailed sketch 
of its location is made. Under ‘Remarks’ any unusual 
conditions that may affect traffic are entered. Data 
obtained directly from the tapes of properly operating 
recorders are entered in black ink. All estimated data 


PUBLIC ROADS 





Vol. 19, No. 3 


for periods when the machine is known to be function- 
ing improperly are entered in red ink. Thus, when an 
analysis of the records is made, the analyst has before 
him in a convenient form practically all of the informa- 
tion needed. 
; : SOUTH CAROLINA 
AUTOMATIC TRAFFIC COUNT RECORD 


2) 


2 ,, Darlington 


Station Co 
ition OD US Rts. 15 & 52, Primary System, 1.8 miles South 
of Society Hill April 18, 1937 




















DAY UN MON TUES WED THUR PRI SAT TOTAL 
Date | 18 | 19 | 20 | 22 22 | 23 24 
Hour A M 
2-1 | 2 25; 23| 13 | 25, 29| 15] 182 
1-2 19 23; 17| 19 20 3/ 18 | 127 
23 | a lif iz{ 2 is| il] is] iis 
‘ 12 | wi Se); a al Uhh 
14 21; is| se i2/ is| i | 108 
18 16; 16!) 2 25; 17/ 22] 141 
67 | 41° 27 | 80 41; 45 30 | 268 
-8 | 30 Sl] 41/ so] s5/ m/ s6| 36s 
8. 9 61 69/ 68/115 | 92/ 1lo¢| 62 / 571 
1-10 97 71, 108 | 104 | 116/ 45| 99 | 640 
10-11 115 94/125) 9 | 122) 9% | 7% 717_ 
1-12 110 85/ 97 6&2 937 100 | 91 | 658 
P. M 
2-1 77 78, 91) 9 77| 8 | 101 | 600 
1-2 90 | 104) 98/ 123 81) 93 | 97 | 686 
23 127 as; 85 | 144 | les; 95] 95 | 752 
4 | 18 92] 81/115 | 117/ 106 | 96 | 7564 
5 | 14? 91 | 121 | 127 | 95] 109 | 90 | 760 
6 | 178 | 104] 119 | 1a | 96] 102 | 71 | 783 
67 | 151 95{/ es | 80 | 73] ea | 69 | 639 
7-8 | 108 65| 46 | 63 | | 67 | 38 | 481 
ao | | 40| 41/ 45 sSe{ e1 | so | 379 
9-10 77 | 36) 2 | 2 | se; 45/ 23 | 27 
wo | 68 | 36, 47| se | S6/ sé] 14 | 269 
11-12 60 39 38] 32 34] 45) 25 | 272 
fotal__]1851 | 1381 | 1449 (1605 | 1525 | 1554 [1277 [10622 
Wi Day {221.9} 91 | 95.5 |105.8/100.5 | 101.1) 84.2 | 
Weather |. Partly Partly | | | 
Condition] Fair | Feir Cloudy|Cloudy Fair | Fair | Rain 





REMARKS 


SED IN TaBut 
TRAFFIC RECORDER 


Recorp Carp I 
AUTOMATL 


SAMPLE WEEKLY 
DATA OBTAINED BY 


FIGURE 9 
TING 


COUNTERS PLACED AT CAREFULLY SELECTED LOCATIONS 
The best method of estimating missing data for com 
paratively short periods will depend upon the particu 
When the record for part of a day 
is lost, but the record for the rest of the day is adequaté 


lar circumstances, 


an effort should be made to establish the relationshi 
between the available data for that day and the dat 
for the corresponding days in each of the two preced 
ing and each of the two succeeding weeks. These rel: 
tions can then be used to obtain a reasonably accurat 
estimate of the required data. 

Ordinarily, the hourly distribution and volume 
daily traffic from Monday through Friday is fairly ur 
form for a given road. Therefore, when data are mis 
ing for a short period on one of these days, a safe est - 
mate can often be made by simply averaging the coun 
for the corresponding hours shown for the other 4 da 


| of the same week. 


To obtain the most valuable records by the use I 
it is essential that the 1 - 
In selecting locations t e 


automatic traffic recorders, 
corders be properly located, 
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special uses to which the data are to be adapted must 
De considered. These uses generally ure: 

1. To aid in expanding sample counts that ob- 
tuined at other points on the highway system. 

2. To provide a basis for analyzing various daily, 
weekly, seasonal, and other traffie distributions, or “pat- 
terns’? in connection with determining the relative reli- 
ability of various methods of sampling. 

3. To provide a basis for predicting future traffic 

In addition, there are a number of other uses which 
Re 


ords obtained by these machines will: Provide a means 


may be made of automatic traffic recorder data 
of studying the relations between Sunday traffic vol- 
nla 


mes and weekday trafic volumes during the vear; 


studving the frequency distribution of daily traffi 


volumes: and assist in investigating traffie fluetuations 
produced by the opening of new roads or unprovement 


ofl old 


being used to study fluetuations within the hour 


roads Specially equipped machines are now 
To accomplish these purposes with a minimum nun 
ber of machines special care must be taken to locate 
the recorders so that each = trafhie pattern developed 
rom a continuous record will be typical of a certan 
ass of traffic 
assify all roads according to the class of traffic carried 


This suggests that the first step is to 


that is, tourist, farm-to-market, combination tourist 


ind farm-to-market, metropolitan, ete The next step 

to pick typical locations for each classification at 
vhich it will be easiest to isolate the effect of the pre 
minant class of trafhie 

Probably the most lm portant use of data recorded by 
tomatic traffie recorders ts to furnish a basis for estab- 
fundamental trafhie trends 
traflic These 
ol great importance in connection with predicting 


and determining 


hinge 


rmal patterns. trends and patterns 
ire traffie and in checking the dependability of 
lous methods of sampling traffic. 

( omplete data for a considerable period of time ar 


A SEU 
traffic pattern, for instance, is not merely a curv: 


ired to determine normal traffic patterns 


ving seasonal variations in traffic fora certain veat 
tis a traffic pattern based upon counts made for sev- 
vears. This pattern will indicate the usual seasonal 

ition together with the degree to which it may be 
ted to vary from year to year. Similarly, traffic 
| ‘ms must be determined for days of the week 

> of the day, and in certain cases, intervals during 


( hour. <A traffie pattern cannot be considered as 

as changes are constantly occurring. 
ditional phases of this problem may be indicated 
by »ointing out that in order to determine the normal 
st al traffie variation at a certain location, it is 
. Necessary to know the underlying growth tendency 
; secular trend) as indicated by records over a consid- 
a el number of years. Obviously the normal dis- 
(rihvtion of traffic by days of the week or hours of the 


unnot be determined without, at the same time, 
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determining’ seasonal variation. Once normal trends 
and patterns cuit established. it will be possible to 
isolate the influences of general and loeal economic 


conditions and often unusual factors influencing traffie 


patterns can be identified Data collected by hours 


over a period of several years also serve as a basis for 
determining schedules for taking limited samples that 


will yield satisfactory results 


The greatest progress 1n ascertaining the influence of 
veneral and local conditions upon traffic can be made 
bv keeping the machines at fixed locations for long 
periods of time Therefore, automatic recorders should 


not be moved from one location to another unless the 
number of available recorders is so small that they can 
be used only to develop factors for the expansion of 


short counts expansion factors obtained in one Vear 


and applied to short counts obtained in another are of 


questionable reliability, especially where there is ho 


reliable information regarding the secular trend of the 


trafhie patterns on these roads 


COUNTER RECORDS USED IN EXPANDING MANUAL COUNT DATA 


In connection with thre problem ol deriving factors to 
be used in expanding short manual counts obtained at 
ManVv polnts, it is desirable to obtain answers to the fol- 
lowing questions fot each available set of data: 


between the number of vehi- 


l What is the 


cles passing during th pe riod of the day when the man- 


reiatlol 


ual counts are sched iled, and the number ol vehicles 


passing during the entire 24-hour period? 
2 What Is relation between the average daily 
Monday TO 


} 
Ol€ 


the 
trafhe from Friday and the average daily 
trafhe for the wh week? 


3 What are the re 


1 


trathe for eacl 


lations between the average daily 
month and the average daily trafhe for 
the vear? 

Since these basic relations are desired for traffie pass- 
1g each machine, it Is convenient to arrange the data in 
forms similar to the partially filled forms shown in 
figures 10 and 
these relations are found 


roads, 


On different classes of 
to be quite different. By classifving the influences that 
are known to account in part for the variations in the 
relations, and by modifying the relations in accordance 
the data 


Where a number of repeat counts are obtained at inter- 


with obtained at manual control stations 


vals throughout the year, a number of classified groups 
of expansion factors are obtained. From these groups 
of expansion factors, those applicable to a single route 
Where short sample counts have been made can be 
selected and applied 

Arrangement of the data in the form shown in figures 
10 and 11 also facilitates investigation of the relative 


In 


studies of this type, it is assumed that counts have actu- 


reliability of various methods of sampling traffic. 


ally been made on the schedule being investigated, with 
the first count on the schedule beginning on the first day 
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PENNSYLVANIA 


Station: E-382 


Automatic Recorder Data for One Month by Days of the Week 


Relationship between the S$ a.m to 4 pom traffic 


and the 24-hour traffic 


Month; March 1937 






















































































Traffic 1/ | Aye 
Day of the 8 ame &8-—+ traffic h 3 
week and 24 hours to | 48 of Die Other data and remarks 
date 4 p.m hour traffic 
Vehicles Vehicles 
Sunday - March 7 64g 339 
14 310 1 
21 542 233 
28 508 279. —_ 
Total 2008 1011 50.7 
Monday = March 1 351 138 
é 327 132 
15 281 - 
22 323 1 
29) 323 140 
Total 1605 700 43.61 
Tuesday - March 2 386 194 
3 318 156 
16 a 141 
23 120 
30 307 13]. ee Pe eee 
Total 1570 128 46.37 ae ee eae pee 
Wednesday-March 3 505 234 
10 286 121 
17 152 W 
ou 450 165 
31 301 123 
Total 1694 720 42.50 
Thursday - March 4 799 399 
11 305 137 
18 369 192 
25) _ 363 — 
Total 1836 887 4S.31 ne 
Friday - March 5 355 162 
12 361 151 
19 320 12 
26 354 19 " eee eee 
Total 1390 630 45.32 cfoe 
Saturday-March 6 436 197 
13 414 17O0 oo} 
20 2 25 
27 ish 1g! astieagaaiees 
Total 1809 816 45.11 eo re 
Total 
4 Sundays 2008 1011 
23 Weekdays 8095 3605 
Saturdays 1809 816 - 
Average 
Sundsy 502 253 50.4 
Weekday 52 15 45.2 
Saturday en 204 45.1 
Adjusted average 
388 179 | 46.1 


day for the month 
2 























4 








1/ When machine failures have necessitated estimetes for an entire day, do not enter 
estimated figures; however, figures for a day which include reliable estimates for 
only a portion of the day should be entered. 


2/ Computed by the formla a (A represents averege weekday; B, average Saturday; 


and C, averege Sunday) to provide correct weighting in the event of extra Saturdays or 


Sundays, or missing data. 


This average may differ slightly from that obtained by 


dividing the total number of vehicles for the montn by the number of days in the month. 


Figure 10.—Form Usep 1x Scummarizinc Eacuw Montn’s Trarric Data. 
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Route: Pa. 284 PENNSYLVANIA Station: E-382 


Autometic Recorder Data by Months Year: 1937 


A yearly record by months showing: (1) the mumber of vehicles for the average weekday and for 
the adjusted daily average; (2) the percentage that the adjusted deily average is of the 
average weekday; (3) the percentage that the adjueted daily average of each month is of the 
adjusted daily average of the year, and (4) the percentage that the § a.m. to 4 p.m traffic 


is of the 2h-hour traffic for Sunday, Monday to Friday, Saturday, and Sunday to Saturday. 
Factors influencing the traffic pattern: 


Type of traffic V/ 



























































Percent passenger cars 2/ oe __._____~‘Percent foreign vehicles 2/ 
Remarks y Re Oe ee PO Ee FOL TS ee eS ee 
EE _ a | Percentage that the 8 a.m to 4 pm 
| vehicles | | Percent-|_ traffic is of the 2-hour traffic 
| Percent-| age the 
; 5 | age the month | 
; Adjusted | adjusted) daily | 
Month jAverage daily daily | average | Monday Sunday 
; weekday | average average jis of the} Sunday | to Saturday to 
j (ai — } (Su — jis of the year | } Friday Saturday 
} | average daily } 
heat day) — sw) | weekday average | | een 
RPUNE aie tare! Bien ith, Sienneneninsesilianaitetiticicaistele 
1937 } } 
January | ee | 297 | 108.4 69.1 ug.8 | he.7 45.1 44.1 
February | 287 | 326 1 113.6 | 75.8 | 50.4 | 43.2 | Wh. 3 44.8 
March | 352 388 | 110.2 90.2 | 50.4 | 645.2 45.1 46.1 
April } 306 | 349 | 114.1 81.2 | 53-5 43.8 | 4,2 45.8 
May i} 391 | sg 125.1 113.7 |} 42.6 W500 | 428 43.8 
June | 437 569 | ti2 ji 13523 | 3505 | 45.5 31.5 40.6 
Jul | 283 528 137.9 | 122.8 34.3 | 38.9 | 35.9 36.7 
August 385 | 593 154.9 137.9 30.7 36.9 29.7 33.4 
September | 360 | ugg | 136.1 | 115.8 39.5 | 42.1 | 41.9 41.9 
October ; Se 7 392 118.4 31.2 | 46.8 | os |} 44,9 42.6 
November ; ma ' 380 111.4 | 88.4 51.5 | 45.7 | 48.6 47.4 
December }  3au | 353 112.4 82.1 51.2 | 48.4 44.4 4g.4 
Daily average | 
for the year |6/ 347 {|e 430 123.9 | -- {y/ 41.2 {z/ 43.1 1/ 4.3 | 7/ 42.1 

















VY Interstate, recreational, suburban, coal hauling, farmto-market, etc. 


Insert when available, 


Such as: "Almost exclusively farm-to-market traffic in a comminity where there is 
little night travel and an umisual number of horse-drarn vehicles." 


Average of all days of the month except Saturdays and Sundays. 


= = 


Adjusted daily average for the month, including Saturdays and Sundays, computed by the 
formla AS ALS e See footnote 2 on the preceding table, 


IQ 


Idenlly the daily average for the year would be obtained by dividing the annual total 
by 365, but inasmich as 100 percent complete data are not always available, the sug- 
gested method is to divide by 12 the sum of the adjusted daily averages for the months 
without regard for the varying lengths of the months or the varying ratios of Saturdays 


and Sundays to weekdays. This procedure will result in a close approximation to the ideal 
figure, 


yV/ Similar to note 6 above, the preferred method of obtaining the percentage that the 
yearly 8 a.m to 4 p.m traffic is of the yearly 2i—hour traffic would be to divide 
the total 8 a.m to 4 p.m traffic by the total hour traffic, but, in order to 
prevent unrepresentative weighting of months with complete data-as compared with 
months with partial data, the sum of the daily average 8 a.m. to 4 p.m. traffic for 
the 12 months is divided by the sum of the daily average 2l—hour traffic for the 12 
months to obtain this percentage, 


FIGURE 11.—Form Usep 1n SuMMARIZING TRAFFIC Data By Monrus. 
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; . are -ERATING COUNTERS DISCUSSED 

of the year. By advancing the date of initial operation COST OF OPERATING C¢ SS 

successively to each day throughout i complete period, a A recent sury e\ disclosed the average cost of operat- 

group of samples can be obtained which, when expanded | ing one automatic recorder at a rural location for 

according to the best available methods, can be studied | month to be as follows 


by various statistical methods to obtain some measure 









Overhead Sd. O69 
of the reliability of the sample. This same procedure | Supervisior 1. O04 
can then be extended to other proposed sampling sched- | Maintenance 
. ; ° ° oge » . Lal r t) ri 
ules. After the relative reliability of a number of ; “ee 
* ~ tySis ( ~ “ 
schedules is known, future traffic surveys can be planned AC 2 
so as to obtain the desired information in the quickest Power 0 
and most economical manner. Supplies, et z. 2 
Because the automatic traffic recorders have been in 
° ‘ ot 23. 8 
use but a short time, the records are as vet inadequate P - 7 
° , : 7 reparatior ft reco! ‘. of 
to enable determination of normal seasonal patterns, or 
the causes of deviations from the normal patterns Gra 39 
312 VEHIGLES PER DAY; ON A MAIN HIGHWAY CARRYIN 
MORE THAN AVERAGE THROUGH TRAFFI 600 VEHICLE AY, ON A DOWNTOWN CITY STREET 
© 
4 . / 
2 t Nestea J \ 
/ \ 
/ 
0 n n 4 4 ee 1 ———— . 4 t : + oe 
pa Qo "i 
va 1,620 VEHICLES PER DAY; ON A MAIN HIGHWAY CARRYING re ; Mie J 
< rn a r wr <= 
= MORE THAN AVERAGE THROUGH TRAFFIC = 
- - 
> 8 > N\A —_— | 
3 2 ¢ 
z ; 
oS 6} < 
; \ : 
=< < 
=. = 
24 ¢ AD SERVING A RECRE NAL AR 
~_ + 
f ee 
< < \— A 
\ 
Z 0 - Pi\ /\ RBS 
ve L j tiie sf 
S 48 VEHICLES PER DAY; ON A LOCAL ROAD CARRYING 5 TV IVT 
rm FARM-TO-MARKET AND TOURIST TRAFFIC - \ / 
. ct ad f V \ 
| 
/ \ | 
\ 
, | \ 7 
\ f a= 
2 f ~ ~ 
/ ee 
SY, ee | 
> ¢ Q 9 oN N > L ¢ 2 > , yr N 
FIGURE 12.—EXAMPLEs OF HOURLY VARIATIONS IN TRAFFIC VOLUME ON ROADS CARRYING DIFFERENT CLASSES OF TRAFFIC Dut 
1937. 
Such determinations will be necessary, however, in con- Costs of operating recorders at urban locations 
nection with the isolation of individual influencing fac- | would probably be less because of reduced travel ¢ 


tors. After the effects of each of a number of factors | tance and lower power rates. 

can be distinguished, it is hoped that roads can be The average cost of installing one machine is $124 

scientifically classified into groups having like traffic | This cost varies widely, depending on the amount 

characteristics. When this is done, many of the changes | travel required to reach the location, 

in the flow of traffic may first be identified, and later The yearly cost of obtaining traffic counts by |i 

predicted. automatic traffic recorders is small when compa’ ed 
Figures 12, 13, and 14 show typical traffic patterns 

developed from records obtained by automatic recorders. 


1 Preparation of record vers the cost of transferring figures from re 
permanent card forn 
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2,514 VEHICLES PER DAY; ON A MAIN HIGHWAY 


ARRYING MORE THAN AVERAGE THR AF \ 
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ee 
0 N VAY 
matte : 
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> = 2,921 VEHICLES 


2.350 GLES 
a ee 
= 270 VEHICLES 
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with the cost of obtaining the same record manually. 
The following is an estimate of the annual cost of 
operating the average automatic traffic recorder: 
Depreciation (based on assumed 5-year life and average 
first cost of $406.00 : $81. 20 
Installation (based on 5-year period and average installa- 
tion cost of $124.67 


24. 93 
1 year’s operation costs at $39.40 per month 172 


SO 
Total $578. 93 
the 
record manually is between $6,022.50 and $8,212.50. 


The estimated yearly cost of obtaining same 
This estimate is based on reliable figures, which show 
that the average cost of making an 8-hour count ranges 
between $5.50 and $7.50. 

Before comparing the cost of counting traffic man- 
ually with the cost of automatic counting, it should be 
pointed out that a man stationed at an intersection can 
count traffic on all roads entering the intersection, 
whereas an automatic counter obtains a count for only 
one road. In addition, manual counts will give the 
composition and direction of traffic flow. However, as 
automatic traffic recorders are used to obtain contin- 
uous records, where the number of vehicles passing a 
point by time intervals is the information desired, and 
because only occasionally will more than one distinctive 
yet representative traffic pattern be obtainable at an 
intersection, the estimated cost of obtaining such records 
by the two methods may be compared. On the basis 
of these estimates, approximately 10 to 14 years’ 
records could be obtained by the use of automatic 
traffic recorders for the cost of obtaining 1 year’s manual 
record. As the number of automatic traffic recorders in 
operation increases and methods of inspection and col- 
lection of records are improved, the cost of operating 
ach machine will probably decrease. 

Considering the economy of the automatic traffic 
recorders, it might be asked why machines are not used 
exclusively. 
not enough to determine only the number of vehicles 
which use the highways. 


One reason is that in traffic surveys it is 


It is generally desired to 
classify the vehicles as passenger cars, trucks, tractor- 
trucks and semitrailers, and busses. 
classification distinguishes vehicles 
having license tags from States other than that in which 
they are observed, commonly called “foreign”’ vehicles, 
and those vehicles having license tags of the State in 
which they are observed, commonly called “local’’ 


Moreover, another 


between those 


vehicles. 

Thus, a comprehensive traffic survey makes necessary 
numerous manual counts. However, it is believed that 
the most economical and desirable plan for conducting 
traffic surveys would be one in which most of the 
actual counting would be done by machines, and manual 
counting would be restricted to a minimum number of 
counts at a few control stations, all of which would be 
operated for the purpose of obtaining the necessary 
samples of classified traffic. Ratios between the var- 
ious types of vehicles observed at the manual control 
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stations could then be applied to all the vehicles counted 
by the machines. 


ATTEMPTS BEING MADE TO DEVELOP PORTABLE COUNTERS 


The automatic traffic recorder which has been de 
scribed installation to 


provide continuous records for long periods of time 


was designed for permanent 
The installation expense and electric power require 
ments of these machines make it impossible to extend 
their use to assist in accumulating the desired sample 
counts at thousands of points throughout a State, o1 
in connection with a city traffic survey at hundreds ot! 
points within a city. Attempts to develop a satisfac 
tory, low-cost, portable automatic recorder for this 
work have been in progress for a number of vears 
Efforts have been intensified since 1936 when many o! 
the States began their planning surveys. 

The most difficult problem encountered in the at 
tempt to develop portable machines has been that ot! 
designing a suitable detecting unit that could operat: 
unit. Efforts 
been made to develop a sultable road switeh, consisting 


economically as a self-contained have 


of two pieces of spring steel, separated at intervals by 


spacers and encased in rubber. The road switch 1 
placed on the road surface and is connected to a storag 
battery and counting unit. An _ electrical impuls 


actuates the counting unit each time the wheels of 
passing vehicle press the spring steel strips together 

Only recently the Bureau has been experimentin 
with an air switch, which consists of a small rubh: 
tube and diaphragm arranged to operate an electric: 
contact. The tube is placed on the road surface an 
when compressed by the wheels of a vehicle, sufficie 
air is displaced to move the diaphragm. The mov 
ment of the diaphragm causes an electric contact t 
actuate a counting mechanism. This type of swit 
offers attractive possibilities. 

Portable machines utilizing either the contact swit 
or the air switch Howev: 
experiments with such devices have been confined 


may soon be available. 


paved roads. The problem of adapting them to w 
paved roads still remains to be solved if these machin 
are to be of limited value in 
traffic. This consideration, of course, is unimporta! I 
in connection with city traffic surveys. The ro: 
switch detecting unit appears ideal for city traf! 


j 


more than count! 


counts because of its ability to detect vehicles traveli: ¢ 
in the same direction in different lanes, even when o 
vehicle lags only slightly behind the other. Al 
whenever desired, road switches could be installed in 
a single traffic lane, or a group of machines could \e 
installed, each of which would record traffic moving in 
a single lane. 

A portable automatic recorder with a single-be: in 
photoelectric detecting unit, operated by batteries, }::s 
recently been designed. 


It is expected that a model 0 
this machine will soon be constructed and ready ‘or 
This machine offers particularly attractive 


testing. 

















praed 


ossibilities for use on unpaved rural roads, and may be 
the means of effecting a considerable saving in the cost 
if future trafhie surveys. 

Numerous attempts have been made to develop 
detecting units of other types, including the use of 
ivdraulic tubes on the road surface, sound equipment, 
thus far these 
ittempts has proved successful. 


nd magnetic circuits, but none of 
The requirements of a satisfactory portable machine 
ive been considered to be: 

|. Continuous operation for 8 days without attention 
2. Reliable timing with error no greater than 5 min- 
tes in 24 hours. 

3. Efficient counting on both paved and unpaved 
mids, 

t. Printing of the cumulative traflie total once each 
iour on the hour. 
5. Installation 


to be accomplished by 1 man in 


bout 15 minutes. 
SUMMARY 

ixperience in the development and use of automatic 
aflie recorders indicates that they are a practical 
ieans of obtaining traffic records needed in planning 
future highway and street improvements. Present de- 
lopments can be summarized as follows: 

Three hundred and forty-four automatic traffi 


An Action Program to Advance Safety on the Highways 


Conl ied trom page al 


vernment would be the establishment of an inter- 
artmental committee with representatives assigned 
m all of the Federal organizations which now have 
thority over, and responsibility for, elements of the 
In addition 
this official organization there should be an advisory 


/ 


ety problem under the Federal laws. 


inittee composed of representatives of the important 


onal associations which are engaged in the traffi 
This plan, togethe 
with the plan of organization of the State safety au- 


sulety field in its broad aspects. 
thority, would form a complete national structure for 
the formulation of an adequate nation-wide program 
and its effective operation. 

One of the most 
uss iring steps that has been taken in the field of educa- 
ior is the action by the National Education Association 
anc the School Adminis- 
traitors to prepare a yearbook on safety. This impor- 


A national educational program. 


American Association § of 


tan’ undertaking will be supplemented by various 
bull tins and other useful material to be distributed 
to the public schools of the country to serve as a 
bac\zround for sound safety instruction to school 
chiliren, Too much emphasis cannot be placed upon 
the importance of this whole activity. 

One of the most valuable contributions to a per- 
manent safety program which will doubtless result 
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recorders located on all types of roads are now in use 
throughout the country, accurately counting and _ re- 
cording, hour by hour, all passing vehicles. 

>) 


from automatic 


traffic recorders are making available to traffic engineers, 


Records now being obtained 
for the first time, complete traffie records for a large 
number of selected points which can be used in studying 
the fluctuations in traffie flow. 

3. With a traflic 


flow, engineers can arrange future schedules for counting 


knowledge of the fluctuations in 


traffic to produce the most accurate results at minimum 
cost 

1. When records are obtained over a period of years, 
predictions of future traffic volumes and future traffic 
requirements can be made with much greater accuracy 
than is possible today 

5. A valuable basis is being provided for deriving and 
checking factors for expanding short counts being made 
in the current State-wide highway planning surveys. 

6. Present deve lopments in the field of portable 


automatic traffic indicate that it is reasonable 


recorders 
to expect that in the near future machines will be used 


extensively in making ffic counts. 


tre 


 é Machines are well] adapted to use in connection 


with city traffic surveys, 


and it is probable that they 


will be used extensively in cities in the future. 


from this organized study by the educators will be an 
evaluation and decision as to the supplementary safety 
activities which should be undertaken or continued on 
broader scale in connection with the public 
One of the ¢ 


lies throug 


an even 
schools. reatest hopes for improved safety 
conditions h the implanting of correct think- 
ing and habits in those who are now passing through the 
Illustrative of 


public schools these supplementary 


activities are the driver training and school patrol 


sponsored by the American Automobile Association. 
In addition, a widespread program of public education 
and of specialized training of traffic officers and en- 
gineers 1s under way by national organizations through 
funds provided by the Automotive Safety Foundation. 
This list of organizations is a notable one, and has been 
and 
recommendation of a safety program for each State.’ 

Every 


mentioned in connection with the formulation 


indication points to during the 


coming year in the safety movement far beyond that 


progress 


made in any previous year, but the concept of adequate 
governmental 
must be 


organization and comprehensive laws 
recognized as 


of a permanent 


the objective continuously 
fundamental in the establishment 


safety program. 


2 These organizations ide the following: American Automobile Association, 
American Legion, Automotive Safety Foundation, General Federation of Women’s 
Clubs, Harvard Bureau for Street Traffic Research, Highway Education Board 


’ 
International Association of Chiefs of Police, National Automobile Dealers Associa- 
tion, National Congress of Parents and Teachers, National Grange, National Safety 
Council, Northwestern University Traffic Safety Institute. 
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